Human eyes have circular pupils, but a great many animals have pupils that are oval or slit-shaped. These slits/ovals may be oriented vertically (as in crocodiles, vipers, cats and foxes), or horizontally (as in some rays, flying frogs, mongooses and ungulates such as sheep and hippopotami). The explanation usually given for the use of a slit pupil is that it can exclude light more effectively than a circular pupil, and so slit pupils tend to be found in the eyes of animals with a crepuscular or nocturnal lifestyle that need to protect their eyes during daylight Fish lenses, however, have found another way round the problem. In 1999, Kröger and his colleagues [7] showed that the gradient in fish lenses is not exactly that predicted for perfect spherical correction. It has a systematically lumpy profile, which results in the lens having several different focal lengths for concentric zones at different distances from the center. Each of these focal zones produces an image at a different distance from the lens, and each such image has its own chromatic aberration, which one would think would make a bad situation even worse. But the beauty of the arrangement is that the red image from one zone actually coincides with the green image from another zone and the blue image from the third zone, meaning that there is one plane in which there is a sharp image for all the wavelengths relevant to the fish's color vision system ( Figure  1A) . Of course much of the light is not well focused in this plane and this will reduce image contrast, so this is not a perfect solution, but it is much better than the alternative of having a single focal length with a sharp image for only one wavelength. 
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Fish lenses, however, have found another way round the problem. In 1999, Kröger and his colleagues [7] showed that the gradient in fish lenses is not exactly that predicted for perfect spherical correction. It has a systematically lumpy profile, which results in the lens having several different focal lengths for concentric zones at different distances from the center. Each of these focal zones produces an image at a different distance from the lens, and each such image has its own chromatic aberration, which one would think would make a bad situation even worse. But the beauty of the arrangement is that the red image from one zone actually coincides with the green image from another zone and the blue image from the third zone, meaning that there is one plane in which there is a sharp image for all the wavelengths relevant to the fish's color vision system ( Figure  1A ). Of course much of the light is not well focused in this plane and this will reduce image contrast, so this is not a perfect solution, but it is much better than the alternative of having a single focal length with a sharp image for only one wavelength. [3] examined 20 species of amphibians, reptiles and mammals with a variety of pupil shapes. They found that all species with slit pupils had distinct rings in the photorefractive images and hence multi-focal optics, and all but two of the species with round pupils had mono-focal optics. The reason they give for this association between slit pupils and multi-focal optics is that a slit samples from the whole diameter of the lens, even in daylight when the pupil is constricted, whereas a constricted circular pupil will only sample the central zone of the lens ( Figure  1B-D) . Thus the multi-focal chromatic correction is preserved for slit pupils, but not for circular pupils.
Why, then, do only some animals have slit pupils and multi-focal optics? This combination seems to be associated mainly with partial nocturnality. Diurnal animals such as ourselves operate mainly with a small pupil that gives a large depth of focus and minimises the effects of chromatic aberration. At night, when our pupils are open, vision is monochromatic and resolution is in any case poor, so that there is no need for multi-focal chromatic correction. But for animals that hunt in dim light, or that need to remain visually vigilant in dim conditions, a large pupil relative to the focal length is a necessity. This in turn means that image blur results from even small amounts of defocus, and a chromatically corrected optical system is needed.
There are still some important gaps in this story. Most crepuscular land animals -active at dusk or dawn -have color vision: mammals are generally dichromats, with two cone types [9] , and reptiles and amphibia are trichromats or tetrachromats [3] . We know very little, however, about the extent to which these animals make use of their color vision in dim light, which is when their pupils would be wide open and multi-focal optics most valuable. If, like us, they switch completely to monochromatic rod vision then the case for multi-focal optics and slit pupils is weakened. Currently, dim light color vision has only been demonstrated in a nocturnal gecko, which has an allcone retina [10] .
There are some other unexplained anomalies. Domestic cats have multi-focal optics and slit pupils but tigers have monofocal optics and round pupils. House mice have multi-focal optics in combination with a round pupil. Many monochromatic cephalopod molluscs such as Octopus have horizontal slit pupils. All this indicates that there is more to be found out, but nevertheless the association of multi-focal optics and slit pupils is strong, and provides an ecologically satisfying explanation for what had previously seemed a strangely arbitrary phenomenon. 
